We describe Mus musculus castaneus as a new mammalian host for Cryptococcus neoformans var. grubii (VNI). Eighteen apparently healthy adults and pups of the rodent were collected from human dwellings in Varanasi, a city of India. Both clinical and behavioral examinations of the rodents did not reveal any sign of the disease. Among visceral organs, histological examination of only liver exhibited the presence of single celled, encapsulated, Southgate's mucicarmine positive fungal structures consistent with C. neoformans. Nevertheless, culture of tissue homogenates of brain, lungs, liver, and kidneys yielded white colonies on Sabouraud's dextrose agar and brown mucoid colonies of C. neoformans on Staib's and Tobacco agar media. The pathogen was isolated from habitat soil as well as fresh faeces of the animals. All isolates were urease positive, nitrate and canavanine-glycine bromothymol blue negative, exhibited phenoloxidase activity and grew at 37
Introduction
Cryptococcus neoformans is exogenous, basidiomycetous, opportunistic pathogenic yeast capable of causing lifethreatening infections in man and animals with cellular immunodeficiencies particularly in patients with AIDS and has a worldwide distribution. 1, 2 On the basis of differences in ecology, physiology, serology, and clinical manifestations, this organism is classified into two varieties and a sibling species: C. neoformans var. neoformans (D), C.neoformans var. grubii (A) and C. gattii (B and C). 3, 4 Based on number of molecular typing techniques, C. neoformans and C. gattii have further been divided into molecular type VNI to VNIV and VGI to VGIV respectively. 5 In addition to these eight molecular types, a new molecular type VNB closely related to VNI molecular type has also been reported from Botswana. 6 Recently, Hagen et al. proposed seven species concept in C. gattii/C. neoformans species complex on the basis of genetic diversity amongst them. 7 They recognized five species within C. gattii and suggested to elevate the taxonomic status of both the varieties of C. neoformans-C. n. grubii and C. n. neoformans as species.
The most common C. neoformans var. grubii represents isolate of serotype A and molecular type VNI. It primarily infects immunosuppressed individuals and causes more than 90% of all cryptococcal infections and more than 99% of the cases in patients with AIDS. 1, 2 Distribution of C. neoformans in nature has been the subject of interest since its isolation from peach juice in 1895 and then from milk in 1901. [8] [9] [10] In 1951, Emmons isolated the organism from the soil and from pigeon excreta in 1955. 11, 12 Since then C. neoformans has been isolated from soil, pigeon excrement, and sites contaminated by pigeon feces in various parts of the world. It has also been suggested that soil forms a more inhospitable environment for C. neoformans than avian excrement. [13] [14] [15] C.
neoformans is also occasionally isolated from various nonavian sources. 9, 10, 16, 17 Besides this, several reports have described the isolation of C. neoformans from decaying wood of living tree hollows but its association with tree hollows is supposed to be weaker than C.gattii. 18, 19 C. neoformans var. grubii is by far the most common isolate worldwide from people and animals with cryptococcosis, while C. gattii is important in certain geographical regions. 20 Cryptococcosis in addition to man also infects various domestic and wild animals including cattle, dolphins, cats, dogs and koalas. 10, [21] [22] [23] [24] Unlike humans, in cats, dogs, koalas and birds, the nasal cavity is usually the primary site for infection. 20, 25 C. neoformans var. grubii has been shown to be a transient colonizer of the nasal mucous of cats, dogs and koalas in Australia. 20, 25 It has also been suggested that nasal colonization of wild and domestic animals by a Cryptococcus species may be a good indicator of environmental presence of organisms. 26 Cryptococcosis in India strangely reveals more cases from northern parts where human immunodeficiency virus (HIV) prevalence is low compared to high HIV prevalent states in the southern or western India. The discrepancy probably is due to under reporting and misdiagnosis of cases. 27 The first case of cryptococcosis in India was reported in a patient from Calcutta in 1941. 28 Since then, there has been many reports of HIV associated cryptococcosis. 27, 29 Moreover, the ecological association of C.
neoformans with droppings of birds, soil contaminated with pigeon excrement and vegetables and fruits has also been reported. 16, [30] [31] [32] [33] [34] The current study for the first time reports a case cluster of cryptococcosis in synantropic rodents commonly known as Southeastern Asian house mouse (Mus musculus castaneus) caused by C. neoformans var. grubii molecular type VNI. An attempt has also been made to evaluate its possible role in the epidemiology of cryptococcosis.
Methods
As part of an investigation related to extra human sources of human pathogenic fungi in the environment of Varanasi, 18 apparently healthy house mice (Mus musculus castaneus) adults and pups were captured from human dwellings in Nagwa area of Varanasi region, a town of eastern India ( Fig. 1a-c) . The animals were identified as Southeastern Asian house mouse (Mus musculus castaneus) (Fig. 2a, b) . 35 After behavioural and clinical examinations, the mice were killed and dissected under sterile conditions. Visceral organs viz. lungs, kidney, liver, and brain were aseptically removed, washed thoroughly in sterile normal saline, and bisected into equal halves. One half of each organ was fixed in 10% formalin for histopathological examination, while the other half was used to prepare tissue homogenate (in sterilized normal saline). The prepared homogenate (0.1 ml) was plated on Sabouraud's dextrose agar (SDA) with 0.05 mg/ml chloramphenicol and were incubated at 28 ± 1
• C for a week. For direct microscopic examination, one drop of tissue homogenate of each organ together with 10% KOH was placed on clean slide and stained with cotton blue and India ink. For histopathology, the tissue samples fixed in 10% formalin were dehydrated with different grades of ethanol and embedded in paraffin wax. The sections (5 μm) were cut and stained with Southgate's mucicarmine. The habitat soil and the fresh feces of captured animals was aseptically collected and 1 gm each of these samples were suspended in 10 ml of sterilized double distilled water, shaken vigorously and allowed to stand for 20 minutes. Supernatant (0.1 ml) from each sample was streaked on SDA, Staib's and Tobacco agar with chloramphenicol (0.05 mg/ml) and incubated at 25
• C for 5 days. 36 Plates were examined daily and mean cfu/100 μl was calculated. Brown colonies were selected and subjected to urease, CGB, and assimilation tests. For molecular identification, the colonies were homogenized in a mortar pestle using liquid nitrogen. Total genomic DNA of the isolates was extracted by modified CTAB method. Cryptococcus neoformans var. grubii strain MTCC 1353 (Microbial Type Culture Collection 1353)/ATCC6352 was used as a reference. The concentration of DNA was determined using UV-Vis spectrophotometer (Perkin Elmer 2380; Perkin Elmer, Uberlinger, Germany) and quality of genomic DNA was checked following electrophoresis on 0.8% agarose gel. The isolated DNA was used for polymerase chain reaction (PCR). The following primers procured from PROMEGA, USA were used in PCR reaction:
DNA-Amplification was carried out in a DNA thermal cycler (DNA Engine Dyad; Bio-Rad, Hercules, CA, USA). All samples were stored at −20
• C until analyses were carried out. Amplification with each sample was done twice in order to confirm consistency of results. The amplified samples were analyzed by electrophoresis in 1.5% (w/v) agarose gels using Tris-Acetic acid-Ethylene diamine tetra acetic acid buffer. The purified recombinant pDrive plasmid DNA, harboring T-rep DNA, was sequenced on both the strands in a 10-μl reaction using the BigDye R Terminator v3.1 Ready Reaction Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA). All samples were stored at −20
• C until analyses were carried out. Reaction products were run on an automated capillary sequencer (ABI 3130 Genetic Analyser; Applied Biosystems). Sequencing of the gene was repeated twice. Sequences were analyzed and assembled using BioEdit Sequence Alignment Editor ver. 7.0.9.0. 37 The obtained sequences were recognized by comparing them against the known gene sequences from the GenBank using the BLAST algorithm of BLASTn program (ver. 2.2.28) of NCBI. 38 The nucleotide sequences were deposited in the GenBank database. Further, for virulence testing of the isolates test inocula were prepared by transferring 2-3 loopful of the culture in 100-ml normal saline containing 0.05 mg/ml chloramphenicol and kept on a shaker for 1 hour. The suspensions were then filtered through sterilized muslin cloth. 39 The filtered test inocula were adjusted to 1 × 10 6 cfu/ml using a haemocytometer. Healthy Swiss (C3HHC-Strain) mice weighing approximately 26 gm were selected for in vivo testing of , and immunosuppressed experimental (ISE). For immunosuppression, animals were injected intravenously with 125 mg/kg bw of Cort-S injection (Hydrocortisone) in three equally divided doses on alternate days. After 25 hours of immunosuppression, control mice were challenged with 0.5 ml of normal saline with chloramphenicol (0.05 mg/ml), and the experimental animals were injected intraperitoneally (IP) with 0.5 ml inoculum having 1 × 10 6 cfu/ml. The animals were observed up to 35 days and sacrificed after 5 weeks of inoculation. The mortality/survival was recorded for each group. Visceral organs of the animals that died/were killed during course of experiment were removed aseptically and observed for pathological changes. Each organ was cut into two equal halves. One half was fixed in 10% formalin and processed for histopathology as previously described, while the other half was homogenized in sterilized normal saline for direct microscopic examination and culturing. Animals were maintained in accordance with the recommendations of Animal Ethical Committee of Banaras Hindu University.
Results
Average length of the adult Mus musculus castaneus from nose to base of the tail was 5.39 cm and weight 12.09 g (Fig. 2a, b) . All pups (approximately 5 to 6 weeks old) examined were in average 3.71 cm in length and 2.6 g in weight. Out of eight adult rodents examined, three (37.5%) were found to carry C. neoformans in their visceral organs. Similarly, of 10 pups examined, three (30%) were found positive for the pathogen (Table 1) . Incidentally, morphological, clinical, and behavioral examinations exhibited no signs of any disease. Macroscopically, all visceral organs examined appeared normal. Nonetheless, the cultures of brain, lungs, liver, and kidneys were found positive for the pathogen, while direct microscopy of tissue homogenate of only liver revealed the presence of pathogen. Similarly, maximum fungal load was observed in liver (24 ± 1 cfu/100 μl) followed by kidneys, brain, and lungs (Table 2) . Histological sections of liver stained with Southgate's mucicarmine revealed the presence of C. neoformans like encapsulated cells without any tissue granuloma, immune response, or tissue damage (Fig. 3) . Nevertheless, the central vein of liver showed the presence of C. neoformans like encapsulated and mucicarmine positive cells (Fig. 4) . Fresh faeces of only cryptococcus positive adults showed the presence of C. neoformans on direct microscopy and 150 ± 2/100 μl colonies were observed on culture plates (Table 1) . Likewise, habitat soil was also found positive for the pathogen and culture yielded 392 ± 2/100 μl colonies of C. neoformans. Physiological and assimilation tests revealed that all isolates were urease positive and nitrate and CGB negative. All isolates recovered from Mus musculus castaneus were identified as C. neoformans var. grubii molecular type VNI. DNA sequences of only three isolates have been submitted in NCBI GenBank with accession numbers KJ175192, KJ175193.1, KJ175194.
In vivo virulence testing showed that the isolates of C. neoformans var. grubii VNI were weakly pathogenic to mice. Only one mouse of the immunosuppressed group of the isolate KJ175193.1 showed ataxia and torticollis and died due to cryptococcal meningitis during experimental period. Histopathological sections of only brain of this mouse exhibited presence of C. neoformans like cells.
Discussion
Southeastern Asian house mouse (Mus musculus castaneus) is a household mammalian pest. It is a native of Southeast and South Asia and belongs to family muridae and order rodentia of class mammalia. Mus musculus castaneus is a synanthropic rodent and lives in or around human habitats. Adults are dark brown to black. They are mostly crepuscular and live in a wide variety of hidden places near food sources. These house mice primarily feed on plant matter but are omnivorous. They also show coprophagy. These small rodents are very interesting animals and have been used in experimental cryptococcal research for a long time. They are animals with a high metabolic activity, acting as reservoirs for many pathogens. They have been reported to transmit deadly diseases like typhus, bubonic plague, leptospirosis and tularemia. 40, 41 Similarly, bandicoots of the family muridae, order rodentia have been reported to transmit deadly diseases like plague, rat fever, and influenza in horses. 35 Earlier in India, Singh et al. reported Bandicota indica as a reservoir of C. neoformans var. grubii and isolated the pathogen from the burrow soil of the rodent. 42 They hypothesised that the bandicoots may have acquired the infection from the crypto-positive soil of their habitat and bamboo debris and thus have the potential to serve as sentinel animal for the pathogen. 42 It is also noteworthy that earlier researchers have documented some genera of bamboo rats like Rhizomys sumatrensis, R. sinensis, and Cannomys badius all close relatives of bandicoots as natural host of Penicillium marneffei/Talaromyces marneffei, a dimorphic fungus which causes systemic mycosis in man. 43, 44 This disease is endemic in certain parts of Southeast Asia and south of China. It is also interesting to note that to date no primary environmental niche for P. marneffei is known. Similarly, koala (Phascolarctos cinereus) in Australia has been reported to serve as sentinel host for infection of C. gattii. They were found capable of amplifying the number of cryptococci in certain environment. A possible link has been suggested between the eucalyptus trees, koala and man. 20, 24 Kidd et al. have reported the outbreak of C. gattii cases in patients and animals that lived in the temperate climate on east coast of Vancouver Island, Canada. 45 They also reported the isolation of C.
gattii from their environment and suggested a correlation between the presence of propagules of C. gattii in the environment and the corresponding increase in the prevalence of C. gattii infection in man on the Island. Morera et al. reported ferret as the asymptomatic carrier of C. neoformans and suggested that it may play an important role to prevent human cases acting as sentinel of the presence of yeast in the environment. 46 Though at present we have no data on the prevalence of C. n. var. grubii infection in the animals of this region, however, based on the present finding it seems likely that Mus musculus castaneus acts as sentinel animal for the environmental isolates of C. n. var. grubii. Moreover, naturally acquired cryptococcosis in any animal host species is epidemiologically significant particularly when the primary environmental source/niche remains unclear. Cryptococcosis has also been reported in cattle, horses, dogs, ferret, goats, monkey, fox, and bottlenose dolphin but primary environmental source of infection in the above cases remains unclear.
In the present study, we for the first time report subclinical cryptococcosis in a group of Southeastern Asian house mouse (Mus musculus castaneus) caused by C. neoformans var. grubii VNI in India. To us it appears to be an unusual episode and restricted to one specific location because 10 rodents captured from other nearby houses were found negative for the pathogen. This suggests that due to high environmental presence of C. n.var. grubii in the soil of the specific location, the mice behaved as sentinel animal/passenger host and developed subclinical cryptococcosis. Looking for primary environmental source in this location presumably it looks like that either the rodents contracted the disease from the crypto-positive soil of some other location and then migrated to this location and seeded the soil with their crypto-positive feces or vice versa particularly in the absence of any other source like avian feces in and around the collection sites. Whether these rodents are directly involved in human infection with C. n.var. grubii is unclear and needs further investigation. Nevertheless, large-scale additional studies with Southeastern Asian house mouse are warranted before arriving at any firm conclusion.
Cryptococcosis is the most common of the systemic mycoses of cats. 22, 53, 54 Presumably such cats acquire infection from the environment as no cases of disease transmission from one affected animal to another have been reported. 20 As rats and mice are usual prey of cats, and if C. n. var. grubii borne rodents fall prey to them, and if the pathogen is unable to infect the cats, then what would be the fate of the pathogen borne by the rodent? Would it pass out via feces of cats into the soil, or would the cats carry them inside their body, or are the pathogen digested by them? The answers to such queries may yield some useful information that may help further in the better understanding of the role of such rodents in the epidemiology of cryptococcosis. How the pathogen would have reached the gut via soil aerosol and then moved to the liver in the portal vein and then reached all the way to the central vein of the rodent is unclear. We presumed that the pathogen might have reached from the gut wall to central vein of the liver by the following possible routes:
1. It may have traveled via blood. In the present study, however, blood culture of the rodent was negative. It may be possible that the pathogen has tissue tropism like viruses and Cladophialophora bantiana/ Xylohypha bantiana and therefore got localized in the liver. responsible for adherence to human epithelial cells has already been reported in human pathogenic yeast Candida albicans. 57 3. C. neoformans can also enter in the central vein through lymphatic system as it disseminates without being phagocytized. 55 The present study showed that amongst the rodents sampled there were only six mice (three adults and three pups) positive for C. n. var grubii. Among the visceral organs sampled, liver exhibited the maximum localization of C. n. var grubii in all the positive animals. The other organs had few pathogens. As the blood of the mice was negative for the fungus, how the pathogen reached the other organs remain unclear. Review of literature revealed that rodents are emerging as sentinel animals for human pathogenic fungi. [42] [43] [44] We therefore suggest that survey of rodents not to be restricted to the members of family muridae only, but other families of order rodentia should also be examined as they may prove useful indicator for the presence of human pathogenic fungi and the disease caused by them in the human population.
Role of passenger host in the life cycle of the pathogen is not clear except that it serves as an alternate reservoir for the pathogen in the environment. As it is well known that pathogens lose their virulence in long storage, after passing through the animal it is restored. In the present study, probably Mus musculus castaneus in addition to providing an alternate reservoir for C. n. var. grubii also might be helping in regaining its lost vigor, if any, in the environment.
This study also demonstrated that the present isolates of C. n. var. grubii were weakly pathogenic to mice. The isolates failed to cause large scale mortality even in immunosuppressed mice. This is in agreement with the report of Litvintseva and Mitchell that the most environmental isolates of C. n.var. grubii are not lethal to mice. 58 
